This study describes a case of antral septum with alveolar process extension that is identified using cone-beam computed tomography (CBCT). Periapical radiolucency was observed in the maxillary sinus, and clinical and radiographic examinations ruled out the possibility of odontogenic lesions. CBCT was performed to elucidate the radiolucency identified using periapical radiography. A 3-D image indicated that the maxillary sinus extended into the alveolar process toward the palatal cortical bone in the region of the maxillary right first molar, as well as an antral septum extending from the inferior and lateral wall of the right maxillary sinus. CBCT is an important tool for use in dental practice because CBCT images reveal the entire volume of the maxillary sinus and allow for identification of patient anatomy and anatomical variations, which is essential for planning appropriate surgical interventions.
Case Report
The paranasal sinuses begin to develop during the fetal period, in the third week of gestation, as invagination of the nasal mucosa into the lateral nasal wall, maxillae, frontal, ethmoid and sphenoid bones [1] - [3] . The maxillary sinus is the first sinus to develop; at birth, it is filled with fluid and becomes pneumatized [4] . The maxillary sinus can present anatomical variations such as pneumatization, antral septa, hypoplasia and exostosis [5] .
Pneumatization is the development of pneumatic cavities in bone [6] , and in the case of the maxillary sinus is characterized by sinus palatine extension inferomedially into the hard palate toward the midline, lateral extension into the zygomatic bone, sinus recess to the alveolar ridge and infraorbital recess, and anterior projection along the roof of the maxillary sinus [7] . Posterior extension into the tuberosity can also be observed [5] .
Septa were first described by Underwood in 1910 [8] , who published a detailed description of maxillary sinus anatomy and described septa as walls of cortical bone within the maxillary sinus emerging from the floor and lateral wall like an inverted gothic arch [9] . In this presentation, the three-dimensional image provided by CBCT was fundamental to identifying the source of the radiolucency and to evaluating the extension of the antral septum and alveolar process.
A 24-year-old male patient at the School of Dentistry, Universidade Federal de Minas Gerais, presented with pain during mastication in the region of the right maxillary second premolar. He reported that the symptoms began three months prior but did not experience a gradual increase in intensity. Clinical examination revealed the presence of composite resin restoration. Periapical radiograph indicated restoration integrity and mild thickening of the periodontal ligament space in the root apex, which suggested pericementitis. No recurrent dental caries was observed. The periapical radiograph also revealed a well-defined unilocular radiolucency image inside the right maxillary sinus unrelated to the sinus wall or upper right posterior teeth roots (Figure 1 ). This radiolucent image that seemed to us within the maxillary sinus was not conclusive for any diagnosis. There was no history of previous maxillary sinus infection.
Conventional images have some limitations. They provide two-dimensional view of three-dimensional anatomy with superimposition of dentoalveolar structures. Furthermore, geometric distortion of these structures is often observed. TC scan obtained much more crisp and sharp details than conventional radiographs. So, CBCT was performed to provide more specific details about the radiolucency image. CBCT was performed using the KODAK 9000C 3D (Kodak Dental Systems, Carestream Health, USA), with a small field of view (5 × 3.7 mm), tube voltage of 70 kV, tube current of 107 mAs and exposure time of 40 seconds. Once volumetric data were acquired, images were converted into the DICOM (Digital Imaging and Communication in Medicine) file format and evaluated using Imaging Studio software (Anne Solutions, Brazil). Multiplanar reconstruction (MPR) or images in three planes (axial, sagittal and coronal) and cross sectional images were used for case evaluation.
The axial, sagittal and coronal planes revealed the presence of maxillary sinus extension into the alveolar process toward the palatal cortical bone near the maxillary right first molar. Additionally, the antral septum extended from the inferior and lateral wall of the right maxillary sinus (Figure 2) , which ruled out any possibility of cystic lesions in the maxillary sinus. The patient was given the diagnosis of an antral septum with extension of the maxillary sinus into the alveolar process. The different planes of images and knowledge of sectional anatomy were essential to make the diagnosis. 
Discussion
The maxillary sinus is the first paranasal sinus to form. Pneumatization of the sinus begins after birth, continues through early adulthood, and is fully completed at the age of eighteen. There are two phases of rapid maxillary sinus growth; the first occurs during the first three years after birth and the second between the ages of seven and twelve [1] . At the end of pneumatization, the maxillary sinus has a pyramidal shape with the base toward the lateral nasal wall and the apex directed toward the zygomatic bone [1] [3] . Anatomical variations, such as pneumatization, can change the volume and shape of the sinus.
The present report revealed a case of maxillary sinus extension in association with a septum. These two anatomical variations of the maxillary sinus are common and are routinely observed in radiographs in dental practice. However, radiograph images have some limitations. They provide only two-dimensional X-ray images of three-dimensional structures. In this case, CBCT helped to diagnose the cause of maxillary sinus radiolucency observed in the periapical image. CBCT of the axial, coronal and sagittal planes provided detailed images of maxillary sinus alveolar extension toward the palatal cortical bone in addition to an antral septum.
CBCT has been increasingly utilized to assess anatomical variations, as the modality allows for accurate identification and high anatomical detail. Lana et al. (2011) [5] evaluated anatomical variations and lesions of the maxillary sinus in 500 CBCT exams taken as part of dental implant planning. Maxillary sinus alveolar pneumatization was observed in 416 cases (83.2%) and was the most common anatomic variation detected. Earwaker (1993) [10] evaluated 800 computed tomography scans to determine the prevalence of paranasal sinus anatomic variants. The author found alveolar recesses in 150 cases. These recesses were more common in edentulous patients, and the recesses in dentate patients had an intimate relationship with premolar and molar roots.
Alveolar extension associated with the septum was also present. The septa are thin walls of cortical bone projecting from inferior and lateral walls of the maxillary sinus. Septa vary in number, thickness and length [7] . The presence of maxillary sinus septa increases the risk of sinus membrane perforation during surgical sinus elevation or sinus lift for implant placement [11] and may result in the development of acute or chronic sinusitis [5] . Underwood (1910) [8] described the following three septa locations: the anterior region between the roots of second premolar and first molar; a middle region between the roots of the first and second molars; and a posterior region in the area of the third molar. These three areas of septa position correspond to three periods of tooth eruption: the anterior location corresponds to the eruption of milk molars (between 8 months and 2 years); the large middle area corresponds to the eruption of the first and second permanent molars (between 5 to 12 years); and the posterior location corresponds to the eruption of the third molars (between 16 to 30 years) [9] . According to the Underwood [8] classification, the patient in the present study had a septum in the anterior position. The projection of this anatomical variation in a single plane was responsible for the well-defined radiolucency observed in periapical radiography.
A number of studies have revealed the prevalence of septa. Kim et al. (2006) [12] evaluated computed tomography images of 100 patients and observed a prevalence of one or more septa per sinus in 53 of 200 sinuses (26.5%). Similar results were presented by Lee et al. (2010) [13] , who reported that sinus septa were present in 58 of the 236 maxillary sinuses evaluated (24.6%). Shibli et al. (2007) [14] reported a prevalence of 21.58%. Lana et al. (2011) [5] detected antral septa in 44.4% of scans, which was almost half of the exams. Most of the septa were unilateral (121 of 222 cases).
No relationship has been found between the prevalence of septa and the age and sex of patients. However, some studies have reported higher rates of septa in edentulous patients when compared to partially edentulous patients [9] . Faramarzie et al. (2009) [15] reported at least one septum in 35.52% of edentulous patients and 21.42% of dentate patients. Lee et al. (2010) [13] reported maxillary sinus septa in 27.7% of edentulous patients and 19.3% of dentate patients. The higher prevalence of septa in the edentulous ridge can be explained bythe resorption of the maxillary alveolar ridge after tooth loss, which causes pneumatization of the maxillary sinus and leads to the formation of secondary septa [13] [15] . This classification of the septa into primary and secondary was proposed by Krennmair et al. (1999) [16] . Primary septa result from the development of the maxilla, whereas secondary septa are a consequence of the pneumatization of the inferior sinus wall that occurs after tooth loss [13] .
Conclusion
In conclusion, detailed knowledge of the anatomy of the maxillary sinus and associated anatomical variations is very important because it can influence planning for dental procedures. Cone-beam computed tomography provides three-dimensional images without overlapping structures that have become an important diagnostic tool in dentistry. In this case, CBCT was used to identify maxillary sinus alveolar extension with antral septum, revealing the artifact observed in periapical radiograph. However, interpretation of CBCT images must be performed by those familiar with the relevant anatomy and an understanding of the spatial relationships in the image volume.
